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Abstract
We suggest that the recently discovered charm-strange meson D+
sJ
(2632), with unusual
properties, could be a cryptoexotic tetraquark baryonium state cdd¯s¯. We predict other
four narrow states, as Regge recurrences of D+
sJ
(2632), below the possible baryon-anti-
baryon thresholds.
1Unite´ de Recherche des Universite´s Paris 6 et Paris 7, Associe´e au CNRS.
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The recently discovered charm-strange meson D+
sJ
(2632) [1] has very intriguing prop-
erties : i) it is very narrow (Γ < 17 MeV); ii) its coupling to the D+s η channel is much
stronger than its coupling to the D0 K+ channel.
The above two unusual properties indicate that the D+
sJ
(2632) maybe a cryptoexotic
tetraquark baryonium state cdd¯s¯. The reasons are the following:
1. The favoured decays of a baryonium state are the baryon-antibaryon channels (see
Fig. 1): Λ+
c
(2285) Σ¯0(1193), Σ
0
c
(2455) Σ¯+(1197) and Ξ0
c
(2472) Ξ¯+(1321). However
the D+
sJ
(2632) state has a mass well below the threshold of these baryon-antibaryon
channels. Therefore its decay in these channels is forbidden.
2. For a baryonium state, the meson decay channels are disfavoured as compared with
the baryon-antibaryon channels. This last possibility being forbidden by the mass of
the D+
sJ
state, what remains are the meson channels and the hierarchy of decays is
dictated by the quark content. A cdd¯s¯ state prefers the D+
s
η channel as compared
with the D0K+ channel (see Fig. 2).
Let us explain in some detail the selection rules governing the decay channels shown
in Fig. 1 and Fig. 2. These selection rules were very much discussed in the 70′ s in the
framework of the dual topological 1/NC expansion [2]. The crucial point here is that
the gauge invariance of QCD selects the Y-shape of the baryon as compared with the
∆-shape [3] (see Fig. 3a) and Fig. 3b)). The three quarks of the baryon are joined at a
junction point. The scattering is described by duality diagrams which are ordered in terms
of the topological 1/NC expansion. The leading terms correspond to the propagation of
the junction lines (generated by the propagation of the junction point) from initial to final
state (see Fig. 3c) and Fig. 4): this is the reason why the baryonium-baryon-antibaryon
coupling is stronger than the baryonium-mesons coupling. This is also the reason why the
diagrams of Fig. 2a) and Fig. 2b) are suppressed as compared with the diagram of Fig. 1.
Let us make some terminological precisions. In the 70′ s one did distinguish between
phaneroexotic multiquark states and cryptoexotic states. The phaneroexotic multiquark
states (from the Greek phaneros= manifest, visible, open to sight) are those states whose
quark content can not be confused with the usual qq¯ and qqq content.
The much celebrated Θ+(1540) pentaquark (uudds¯) state [4] is also a phaneroexotic
state: its quantum numbers can not be obtained from a triquark combination.
However, one must remark that evidence for phaneroexotic multiquark state was given
26 years ago from the study of ”forbidden” forward peaks in the t-channel [5]. Namely
in Ref. [5] we presented evidence for phaneroexotic t-channel uud¯d¯ (I=2, S=0) exchanges
in pn → ∆−∆++, pi+n → pi−∆++ and pi−p → pi+∆−, for sdu¯u¯ (I=3/2, S=-1) exchanges
in the in p¯p → Y¯ ∗+Y ∗−, pi−p → K+Y ∗− and K−p → pi+Y ∗− and for ssu¯u¯, ssd¯d¯ and
ssu¯d¯ (S=-2) exchanges in K−p→ K+Ξ∗−. In the absence of baryonium exchanges, these
peaks must show an energy dependence s−9 − s−10 while experimentally one observes a
behavior s−3.5 − s−4.4.
The cryptoexotic states (from the Greek kruptos=hidden, secret) are those multiquark
states whose quantum numbers can be also obtained from the usual qq¯ or qqq states. The
discussion in the 70′ s was concentrated on the cryptoexotic tetraquark states qqq¯q¯.
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In the framework of tetraquarks, a special position is played by the baryonium states:
for the reason discussed above they can be very narrow, while most of the other tetraquark
states are generally very broad. No clear evidence was given till now for a cryptoexotic
baryonium state. The D+
sJ
(2632) state is possibly the first clear evidence for such a state.
It is possible that the narrow charmed meson seen in the D+
s
pi0 channel at 2317 GeV [6]
belongs to the same class of states [7].
If our interpretation is correct, the D+
sJ
(2632) is the first known member of an entire
family of very narrow tetraquark baryonium states. By assuming that all these states
belong to an exchange-degenerate Regge trajectory with the universal slope α′ ≃ 0.94±
0.06 GeV−2 (as indicated by the masses of known mesons and baryons listed in Review
of Particle Physics [8], we can compute the masses of these recurrences of the D+
sJ
(2632)
state, in terms of the mass of the D+
sJ
and α′:
m2
n
=
n
α′
+m2
D
+
SJ
, with n = 1, 2, 3..., (1)
We therefore predict four narrow states below the Λ+
c
Σ¯0, Σ
0
c
Σ¯+ and Ξ0
c
Ξ¯+ thresholds:
m1 = 2.827± 0.011 GeV, m2 = 3.010± 0.022 GeV, (2)
m3 = 3.182± 0.031 GeV, m4 = 3.345± 0.039 GeV.
Let us close making some considerations on a unified terminology in view of the new
born spectroscopy, which concerns the sector of narrow high mass resonances involving
heavy quarks in their structure. The new spectroscopy requires an unified terminology of
old and new states.
In the new sector states of baryon number 1 we can define the barypolyquarks.
q3+nq¯n, with n = 0, 1, 2, ... (3)
For n = 0, we get the usual q3 baryons, which we propose to rebaptise as triquarks.
For n = 1, we get the much celebrated q4q¯ pentaquarks. For n = 2 we get the q5q¯2
heptaquarks, for n = 3 the q6q¯3 enneaquarks, etc.
By annihilating a barypolyquark with the corresponding antibarypolyquark we get,
via the annihilation process of at least one qq¯ pair, the baryon number sector 0, which
we propose to call mesopolyquarks, namely the usual qq¯ mesons (which we propose to
rebaptise diaquarks) and also the already discussed tetraquarks q2q¯2.
From the requirement of keeping a minimum number of quarks and antiquarks, while
still keeping a junction-antijunction pair, we define also the states
q3+n q¯3+n,with n = 1, 2, 3, ... (4)
For n = 1 we get the q4q¯4 octoquarks, for n = 2 the q5q¯5 decaquarks, for n = 3 the
q6q¯6 dodecaquarks, etc. The octoquarks are obtained through pentaquark-antipentaquark
annihilation.
The ”hexaquarks” q3q¯3 are absent from this list because they correspond to molecular
broad states. The theoretical status of polyquark states other than mesons (diaquarks),
baryons (triquarks), tetraquarks and pentaquarks requires intensive theoretical and phe-
nomenological studies.
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Note. After the completion of this paper, we learnt that L. Maiani et al. [9] made,
simultaneously with us, the assumption that D+
sJ
(2632) is a cdd¯s¯ baryonium state.
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Figure captions
Fig. 1. The decay of theD+
sJ
(2632) meson, as a baryonium state, in the baryon-antibaryon
channel.
Fig. 2.
a) The coupling of cdd¯s¯ to D+
s
η.
b) The coupling of cdd¯s¯ to D0K+.
Fig. 3.
a) Baryon as a ∆-shape.
b) Baryon as a Y-shape.
c) Baryon-antibaryon pair leading to a tetraquark baryonium state.
Fig. 4. Baryon-antibaryon-baryonium coupling.
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